Abstract We have studied two samples of mantle diamond containing iron carbide inclusions from Jagersfontein kimberlite, South Africa. Syngenetic crystal growth is inferred using morphological characteristics. These samples provide an opportunity to investigate the isotopic partitioning of 13 C in a terrestrial natural high-pressure and high-temperature (HPHT) system. The difference for the d 13 C values between the diamond and coexisting iron carbide averaged 7.2 6 1.3&. These data are consistent with available data from the literature showing iron carbide to be 13 C-depleted relative to elemental carbon (i.e., diamond). We infer that the minerals formed by crystallization of diamond and iron carbide at HPHT in the mantle beneath the Kaapvaal Craton. It is unclear whether crystallization occurred in subcratonic or sublithospheric mantle; in addition, the source of the iron is also enigmatic. Nonetheless, textural coherence between diamond and iron carbide resulted in isotopic partitioning of 13 C between these two phases. These data suggest that significant isotopic fractionation of 13 C/ 12 C (D 13 C up to >7&) can occur at HPHT in the terrestrial diamond stability field. We note that under reducing conditions at or below the iron-iron wustite redox buffer in a cratonic or deep mantle environment in Earth, the cogenesis of carbide and diamond may produce reservoirs of 13 C-depleted carbon that have conventionally been interpreted as crustal in origin. Finally, the large D 13 C for diamond-iron carbide shown here demonstrates D 13 C for silicate-metallic melts is a parameter that needs to be constrained to better determine the abundance of carbon within the Earth's metallic core.
Introduction
The stable isotopes of carbon from mantle-derived samples are frequently used to trace the exchanges of carbon between the Earth's surface and interior. Relevant examples include the degassing history of subducted slabs using volcanic gas compositions at convergent plate boundaries (see review by Wallace [2005] ) and the origin of diamond-forming carbon (see review by Shirey et al. [2013] ). Regarding the use of carbon isotopes as source indicators, there are three main parameters that need to be constrained before the data can be interpreted with confidence. These are (i) the initial 13 C/ 12 C ratio in the system, (ii) a database to relatively evaluate the data, and (iii) the magnitude and directions of isotopic fractionation under the P-T-fO 2 conditions in question. These three criteria are mostly well satisfied with regard to the stable isotopes of carbon in the Earth under redox conditions around the quartz-fayalite-magnetite (QFM) buffer (see Deines [2002] for a review). However, carbon isotope fractionation in the mantle around the Fe-FeO (IW) buffer ( QFM 24 log units) is considerably less well constrained. In this paper, we focus on the partitioning of 13 C/ 12 C during diamond formation under conditions where metallic iron and iron carbides are thermodynamically stable (log fO 2 < IW buffer), using two very rare samples of Fe-carbide bearing diamond ( Figure 1 ).
The magnitudes of isotopic fractionation during diamond formation in the mantle buffered around QFM at 1200 C are 11& for diamond-CH 4 [Bottinga, 1969; Thomassot et al., 2007] and 23.5& for diamond-CO 2 [Richet et al., 1977] . When the fO 2 is buffered below the IW buffer, much larger D In the mantle, C isotope fractionation may be larger in the hotter deep mantle Carbide precipitation can produce isotopically distinct mantle carbon reservoirs Core formation likely fractionated the C isotope value of the BSE Supporting Information: Read Me
• Figure S1 , S2, S3, S4 Reutsky and Borzdov [2013] and reply by Satish-Kumar et al. [2013] ). There are also data for Si-carbides; these show an even larger D
13
C of around 120& for moissanite-diamond [Leung et al., 1990; Mathez et al., 1995] and D
C of around 16& for carbonate-Si carbide [Di Pierro et al., 2003] , the latter most likely a kinetic effect. Most of these studies used conventional oxidation techniques at high temperature to oxidize the carbon to CO 2 for analysis from mineral separates [Leung et al., 1990; Mathez et al., 1995; Di Pierro et al., 2003; Reutsky et al., 2012; Satish-Kumar et al., 2011] . Therefore the data are bulk values and reflect the contents in the furnace at the moment of oxidation. Noteworthy, the isotopic compositions of the phases determined by bulk combustion methods can be skewed by the presence of one phase contaminating the other, especially for very small pieces of graphite/diamond contaminating the carbide analysis (i.e., submicron inclusions/ intergrowths).
In this contribution, we describe the textural relations and the major element geochemistry of two diamonds that contain rare Fe-carbide inclusions from Jagersfontein, South Africa (Kaapvaal Craton). We also detail the analytical technique and standardization methods employed to analyze the 13 C/ 12 C ratio for both diamond and Fe-carbide (in situ) with a spatial resolution of 5 lm 2 (per analysis) accomplished using Secondary Ion Mass Spectrometry (NanoSIMS).
Samples
There are two samples in this study from the Jagersfontein kimberlite, Kaapvaal Craton, SA [Jones et al., 2008] . They are fragmented octahedral diamond and show prominent dark metallic inclusions within opaque diamond directly in contact with surrounding transparent diamond and contain angular shard-like macroscopic features (Figure 2 ). The samples are polished on both sides to reveal the inclusions at the surface and due to the contrast in sample hardness; some of the carbides have been removed during polishing, leaving depressions. The samples in this study lack nitrogen absorption bands in infrared (IR) spectra and are classified Type II. We have no syngenetic silicate inclusions to demonstrate a paragenesis for these samples and also their host rock is unknown as they were received as loose diamonds (not ''in situ''). Therefore, we cannot assign a paragenesis to these samples, nor an independent depth of origin. These parameters cannot be inferred based on their origin being from Jagersfontein, SA because diamond samples from this kimberlite are different paragenesis and have sampled the mantle across a very wide depth range, Figure 1 . The speciation of solid carbon as a function of the fO 2 with depth in an ambient pyrolitic mantle (modified from Rohrbach and Schmidt [2011] ). Note the dominance in the bulk terrestrial mantle of reduced (carbide) and neutral (diamond) carbon species relative to oxidized carbon (carbonate). The base of cratonic lithosphere positioned at 150 km relates to the average depth of the continental cratonic keels [Shirey et al., 2013] .
Geochemistry, Geophysics, Geosystems from approximately 150 to >500 km [Tappert et al., 2005] . The Fe-carbide is in contact with diamond as angular shard-like features on the macroscale (Figures 2 and 3b-3d) . However, on a microscale the textures exhibit apparent smooth contacts, rounded edges, and possible spherical blebs (Figures 4a-4d ) while some inclusions also have a distinctively octahedral morphology (Figures 5a-5c ).
3. Analytical Techniques 3.1. EMPA Analysis Major element analyses were obtained using a JEOL JXA8100 Superprobe (wavelength dispersive spectrometer (WDS)) with an Oxford Instruments INCA system (EDS) at Birkbeck College, University of London (UK). Analysis was carried out using an accelerating voltage of 15 kV, a beam current of 2.5 mA with a diameter of 5 mm. The counting times for the elements were 20 s on the peak and 10 s each on the high and low backgrounds. The elements were calibrated against natural standards of corundum (Al and O) and pyrite (S), SpecpureV R metals (Si, Fe, Cr, Ni, Cr, and CO), and synthetic moissanite (C) with the data corrected using a ZAF program. To prevent volatilization and electron-induced migration of carbon, a shorter counting time of 10 s on the carbon peak and 5 s each on the high and low backgrounds was employed. Geochemistry, Geophysics, Geosystems 
FE-SEM Analysis
Prior to analysis by nanoSIMS and field-emission scanning electron microscope (FE-SEM), the carbon coat was removed by polishing the sample with a diamond paste and then cleaned in an ultrasonic bath of with ethanol for 10 min. Samples were then pressed in indium for nanosims50L analysis and sputter coated with a 40 nm thick layer of Au (99.99% purity) to enable electrical charge dissipation during the SIMS analysis from the insulating sample to the indium in which it is pressed. Electron dispersive images were produced using a JEOL JSM-6500F: FE-SEM equipped with an Oxford X-Max 80 mm 2 large-area silicon drift detector energy dispersive spectrometer (SDD-EDS) system, in the Carnegie Institution of Washington (USA), and images were generated using an accelerating voltage of 15 kV.
NanoSIMS Analysis The

13
C/ 12 C ratios were determined using a Cameca NanoSIMS 50L ion microprobe in the department of Physical Sciences, The Open University, Milton Keynes (UK). This instrument is equipped with seven detectors (one Faraday cup (FC) and six electron multipliers (EM). The vacuum in the analysis chamber is typically in a 2-5.10 210 torr. Quantitative carbon isotope analyses and qualitative elemental imaging were performed using a 16 keV energy Cs1 primary beam of current 15 and 5 pA, respectively. C ratio determinations, the instrument was tuned at a mass-resolving power of 7000 (Cameca design limit for the 50L nanoSIMS). The current corresponding to the 12 C signal during the acquisition was in a 0.3-0.5 pA range as measured in the FC. The corresponding signal in the EM for 13 C is in a 20,000-40,000 ct/s range, conditions where the ageing of the detector within a period of 24 h or more is negligible. The EM detector gain and threshold were monitored and corrected if necessary daily. The EM/FC instrumental drift was controlled by systematically sandwiching the analytical sequence of the unknown (sample) between standards. The size of the analyzed spots was 5 mm 2 .
The 13 C/ 12 C ratios for the standards were obtained from the analyses of independent spots spaced 50 mm apart. Each spot consists in the rapid scanning, 540 ms, of a 5 mm by 5 mm area with a Cs 1 probe of 15 pA.
Presputtering for 10 min with a 25 pA Cs beam of the area analyzed prior to acquisition was systematically performed; this procedure ensured removal of any remnant surface contamination or residual carbon coating from the Electron Probe Microanalyzer (EMPA) analysis both for samples and standards. The 13 C/ 12 C ratio from a spot is the average value of a set of 10 blocks of 50 measurements, e.g., 50 scans, per block. The total analysis time is then 4.5 min per spot, and the counting time is the same for 12 C and 13 C.
The internal error for each spot is the standard deviation of the mean on these 10 blocks and was equal to or better than 1 per mil for most of the standards used. Finally, each single value for the standards reported in this paper is the mean of the 13 C/ 12 C ratios calculated from a sampling of four spots. The uncertainties reported are the standard deviation and are 1r for Fe-carbide data and 2r for diamond data.
Instrumental mass fractionation was corrected using the analyses of standard materials that were loaded in the same sample holder within the same indium metal and analyzed on the same day before and after sample analysis. Standards were cohenite from basaltic rocks sourced from Disko Island, Greenland for cohenite with d were determined using an elemental analyzer attached to a Thermo MAT 253 at the Department of Physical Science, The Open University, Milton Keynes (UK). The precision on the standards measured using the nanoSIMS was better than 61.0& for Disko cohenite, 62.0& for Drukkers diamond, and 60.6& for a sample of diamond produced by CVD (Table 1) .
The Fe-carbide standard was natural cohenite (Fe[Ni] 3 C), and the sample which is a previously undescribed Fe-carbide with minor to significant Si and O concentrations, but both the samples and the standard share similar Ni concentrations (Table 2) . We used these samples to test for matrix effects for Si and O on the obtained carbon isotope compositions. This was critically evaluated in six sputter pits in Jag10, and achieved by producing elemental maps using the secondary ions generated to detect Figures S1-S3 ). These intensities are not quantitative because a suitable Fe-carbide standard with homogeneous O, Si, and N abundances necessary to normalize actual atomic abundances of these elements was unavailable. Therefore, the relative secondary ion counts do not reflect actual atomic ratios because the sputtered secondary ions may have different ionization efficiencies. For imaging, all ions were collected using Electron multipliers.
The precision for our d 13 C determinations range from 60.6 to 2.0& (Table 3) and is comparable to a recent study of d 13 C values with a resolution of 4 mm 2 (61.9& 2r) for samples of terrestrial graphite inclusions in silicates from a facility with the same Cameca nanoSIMS 50L specification as this study [see Papineau et al., 2010] .
Results
The major element geochemistry of the carbides is shown in Table 2 . The two samples analyzed contain from 88 to 90 wt % Fe. This is similar in composition to rare terrestrial carbide in garnet inclusions from Geochemistry, Geophysics, Geosystems [Deines et al., 1991; Boyd and Pillinger, 1994] . The d 13 C values for the individual Fe-carbides also differ where Jag5 has a mean value of 218.6 6 1.14& and Jag10 has a mean value of 225.2 6 2.1&. Irrespective of the differences for the mean diamond d 13 C values, the values for DC C-FeC are comparable (Table 3 ). The overall mean DC C-FeC for both samples is 17.2 6 1.3&. The DC C-FeC is expressed using the following equations; Prior to a discussion for the isotopic data first we discuss evidence for syngenesis between the diamond and Fe-carbide. During the review process, the possibility was raised that the Fe-carbide may be a veneer C value for the standards was acquired using a elemental analyzer attached to a Thermo MAT 253 at the Open University. The d 13 C values are as follows: Disko cohenite is 223.5&; the diamonds were 26& for Drukker and 262.5& for CVD. The associated errors on these determinations were better than 60.05&. Geochemistry, Geophysics, Geosystems
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produced during polishing with a diamond polishing scaife (T. Stachel, personal communication, 2013) . This was investigated by laser sectioning samples Jag5 across the Fe-carbide to expose the interior of the polished plate to assess the depth of the Fe-carbide (supporting information Figure S4 ), which shows the Fe-carbide runs throughout the thickness of the polished plate (ca. 500 lm), thus confirming the Fecarbide is not veneer deposited on the surface of the sample during polishing with a diamond polishing scaife, but is indeed native to the diamond.
The textures and phase relations for the Fe-carbide-diamond associations in these two samples differ considerably from previous documented occurrences of Fe-carbide in mantle diamonds. Fe-carbide from the 23rd Party Congress kimberlite, Russia [Bulanova and Zayakina, 1991] and Juina, Brazil [Kaminsky and Wirth, 2011] are associated with graphite and Fe-carbide spherules from Venieta, Botswana are found within garnet inclusions [Jacob et al., 2004] . Whereas the Fe-carbide in these samples is in solely contact with diamond and contains minor, but significant Si and O. The Fe-carbide is present as angular inclusions and also appears like an epigenetic crack-infill (Figures 2 and 3 ), but there are lines of evidence to suggest otherwise. The samples exhibit textures very similar to a synthetic diamond grown at high pressure and temperature using a Fe-Ni alloy solvent catalyst at 15-20 GPa and 2000-2100 C, therefore, the metallic infill is syngenetic with the diamond for the experimental sample (shown in Figure 3a) . Unfortunately, the authors did not measure the composition of the Fe-Ni alloy prior to acid treatment [Tomlinson et al., 2011] and therefore we can only assume that they were Fe-Ni carbides based on the known phase equilibria in the system Fe-C [see Lord et al., 2009] . The contact between the Fe-carbide and the diamond in the samples presented here also forms rounded features, (Figure 3 ) and small (<0.5 mm 2 ) spherical ''blebs'' of Fecarbide within the diamond host ( Figure 4 ); both are difficult or impossible to explain by fracturing diamond. Because diamond is neither porous nor permeable and no cracks can be identified as feeder networks to these ''blebs,'' we therefore find the best explanation for their existence to be liquid/melt immiscibility and therefore synchronous growth. Further evidence for syngeneic relations is octahedral inclusions within the diamond host ( Figure 5 ). The octahedral morphology of these inclusions is not natural for Fe-carbides (typically orthorhombic). The octahedral morphology is imposed by the diamond host and therefore demonstrates syngenesis [Meyer, 1987] . Complimentary to textural observations are the nearconstant difference for DC C-FeC (within error) in the two samples where the individual diamond and Fecarbide in the two samples exhibit differing d 13 C values outside of the analytical error (Table 3) . a Area F, D, and B simply reflect the names of target areas for isotopic analysis for each sample. Most areas of iron carbide identified using the NanoSIMS exhibited too much topography for reliable data acquisition.
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Isotopic Equilibrium?
Our data are in good agreement with the previous studies that show Fe-carbide to be 13 C-depleted relative to crystalline elemental carbon [Deines and Wickman, 1975; Satish-Kumar et al., 2011; Reutsky et al., 2012] . However, our mean D 13 C of 17.2 6 1.3& is considerably smaller that what has been observed in the literature for graphite-Fe-carbide in Fe-meteorites [Deines and Wickman, 1975] . This may reflect a higher temperature and or higher pressure origin for our samples. Whether the carbon isotopes have reached isotopic equilibrium in this system is difficult to decipher with the available data because this is a two-stable isotope system. One may argue that a Fe-carbide containing Si and O is evidence of chemical disequilibrium that may also mean isotopic disequilibrium. A counter argument would be that between Fe-carbide and diamond one expects the Si and O to partition into the Fe-carbide. Because the samples exhibit differing d
13 C values but exhibit the same DC C-FeC value (within error) we assume isotopic equilibrium has been achieved for these samples (Table 3 ).
Sample Petrogenesis
This is not the first report of Fe-carbide inclusions in mantle diamond from the Jagersfontein kimberlite [Sharp, 1966] , nor as inclusions in mantle diamond [Bulanova and Zayakina, 1991; Kaminsky and Wirth, 2011] and garnet [Jacob et al., 2004] . Therefore, comparisons are possible where data permit. The Fecarbide in this study has Ni contents that are below stoichiometric abundances for cohenite with 0.4 wt % Ni; however, the low Ni contents are comparable to the Fe-carbide from Disko Island, Greenland ( Table  2 ). The atomic Fe/C ratio of these samples is distinct from one another, and also from any known natural iron carbides from the mantle. Jag5 has a Fe/C ratio of 3.25, which is close to what is observed at Disko Island, Greenland (2.91) [Downs, 2006] and cohenite from Venetia (2.90) [Jacob et al., 2004] . The atomic Fe/ C ratio of the iron carbide in Jag10 is 4.31 (Table 2) , which is not similar to any known carbide [Oganov et al., 2013] . The atomic Fe/C ratios for the iron carbides here are generally higher than those reported for a single diamond inclusion from Juina, Brazil, which exhibits a range from 1.66 to 3.33 [Kaminsky and Wirth, 2011] . Another feature, which makes these iron carbides distinct, are their bulk major element compositions. For example, Jag5 has 2.04 wt % Cr and 1.65 wt % Si, whereas Jag10 has 3.99 wt % O and 0.78 wt % Si [Oganov et al., 2013] . This can explain why their Fe/C ratios are not (a) like any known carbide or (b) comparable between these two samples. What these data highlight is the need for more complex, composite chemical phase diagrams for carbides in the deep Earth. For example, the stability and chemical composition of iron carbides in equilibrium with mantle minerals need to be quantified [Oganov et al., 2013] . The concentrations of Si and O within some regions of the carbide could be due to a variety of exsolved submicron-sized phases, suggesting minerals such as moissanite (SiC), fayalite (FeSiO 4 ), or possibly ferrosilite (Fe 2 Si 2 O 6 ). However, we cannot match any of these phases by stoichiometry using the data in Table 2 . This could indicate that these elements (Cr, Ni, Si, O) were dissolved in a Fe 0 or Fe-carbide melts which is plausible, for example, Si and O are both soluble in Fe melts [Takafuji et al., 2005] .
The fO 2 conditions that enabled Fe-carbide to precipitate cannot be calculated using the assemblage in this study, but we postulate that is below the IW buffer for two reasons; (1) above IW one would expect Fe oxides or Fe-rich ferromagnesian silicates [Jacob et al., 2004] and (2) the low Ni contents from 0.1 to 0.4 wt % (Table 1) can be explained by the fO 2 being below the IW buffer [Rohrbach and Schmidt, 2011] . Where the LOGfO 2 is close to the IW buffer the native mantle Fe should be a Ni-rich alloy, but below the IW (<0 LOG units) the native Fe in the mantle should be almost pure Fe 0 [Rohrbach and Schmidt, 2011] . However we cannot rule out that the Fe 0 originated from subducted Ni-poor oceanic crust that reequilibrated with the mantle (akin to the model of Jacob et al. [2004] ). Below we postulate the following working model that encompasses all of the observations presented above (note, that depth pressure and temperature cannot be defined due to a lack of available geochemical constraints):
1. The diamond was residing in a mantle domain where Fe 0 is stable, either >250 km [Rohrbach et al., 2007] or within an unusually reducing domain of cratonic lithosphere within the Kaapvaal Craton akin to the model of Jacob et al. [2004] .
2. The diamond and liquid Fe 0 came into contact causing a reaction of C 0 1 Fe 0 under mantle pressure and temperature conditions. This is not an equilibrium assemblage [Lord et al., 2009] and so the Fe 0 begins to react with C 0 .
3. The first reaction was to dissolve carbon into the Fe 0 whilst infiltrating the diamond along slip/fracture planes (or other structural lines of weakness). The only phase present here are P-T dependant, but will Geochemistry, Geophysics, Geosystems , dissolved C) until the carbon concentrations reaches above circa 6 wt % in the metal, at which point phase equilibria are expected to be diamond 1 Fecarbide at > 6 GPa and >1100 C [Lord et al., 2009] .
4. The carbon-saturated metal precipitated Fe-carbide and reprecipitated diamond. This explains the sharp contact macroscopic textures in Figure 2 , the similarity in textures for the synthetic sample grown in Fe-Ni alloy with the samples in this study (Figure 3a) , the spherical blebs that resemble immiscible fluids in Figure 4 , the Fe-carbide inclusions with an octahedral morphology ( Figure 5 ), and the constant DC between the two phases (Table 3 ).
Our data imply that the reaction between C 0 1 Fe 0 under mantle conditions can produce shifts in d
13
C of circa 7.2 6 1.3&. However, we do not have any temperature, pressure, or redox constrains for this empirical isotopic parameter. Below we explore the potential importance for the large D 13 C presented here.
Broad Implications of These Data
At mantle depths > 250 km, fO 2 is buffered close to or below the IW buffer [Frost et al., 2004; Rohrbach et al., 2007] . Under these conditions, methane is the dominant carbonaceous fluid species in the deep Earth in equilibrium with diamond [Blundy et al., 1991] . The magnitude of isotopic fractionation for diamond-CH 4 is only circa 11& at 1200 C [Bottinga, 1969] , as opposed to 23.5& for diamond-CO 2 at the same temperature (circa 1100 C) [Richet et al., 1977] . This lead Stachel [2001] to conclude that diamond formation in the sublithospheric mantle would produce minimal isotopic fractionation of 13 C due to the small D 13 C of <1&
for the reaction diamond-CH 4 at temperatures >1100 C (exemplified by the methane curve in Figure 6 ).
However, as shown in Figure 1 , the assemblage investigated here (diamond 1 Fe-carbide) is predicted in the deeper Earth [Rohrbach and Schmidt, 2011] , and we have shown that this assemblage can generate a larger fractionation for the stable isotopes of carbon relative to diamond-CH 4 and diamond-CO 2 . This demonstrates that isotopic fractionation in the deeper, more reducing mantle has the potential to produce 13 Cdepleted and 13 C-enriched reservoirs by a mantle-derived (abiogenic) reaction ( Figure 6 ). Although 13 Cenriched diamonds are extremely uncommon, a considerable proportion of transition zone samples do show 13 C-enrichment, therefore such a potential reaction should not be discounted outright. For example, reported d 13 C values of diamond samples interpreted to have been derived from the transition zone exhibit carbon isotope modes for d 13 C at 28& (Juina, Brazil) [Hutchison et al., 1999] ; 11& (Kankan, West African) [Palot et al., 2012] , and 219&, (Jagersfontein, S. Africa) [Deines et al., 1991] .
It is noteworthy that, if the deep mantle contains 1 wt % Fe 0 [Frost et al., 2004; Rohrbach et al., 2007] , then so long as the carbon content in the Fe 0 is <6 wt %, we expect only Fe-carbide to be present. In addition, with a high fH 2 then there exists a possibility for Fe-carbide 1 methane as the dual speciation of carbon, however, the stable isotope fractionation factors in this system are unknown. Consequently, the data presented here have important implications. First, diamond formation involving Fe-carbide in the deeper, hotter and more reducing mantle may also result in larger fractionation of 13 C/ 12 C relative to the shallower, more oxidizing and colder mantle. Second, large-scale, measurable carbon isotope fractionation during C value is 25&, the y axis shows fraction remaining, which is proportional to the fraction of diamond removed from an open-system (Rayleigh fractionation), the fraction removed is 0.1 per stage, and the fractionation factors (assuming temperature 51200 C) used are D
13
C methane-diamond 5 21& [Bottinga, 1969] and D
C iron carbide-diamond 5 27& (this study). The curve follows the evolution of the residual methand and Fe-carbide following the removal of diamond from the system. Geochemistry, Geophysics, Geosystems carbon partitioning into the metallic phase during core formation now appears very likely (as postulated by Wood et al. [2013] ). Finally, these data also demonstrate the effect of Cr-Si-O abundances in the Fecarbide do not have a resolvable effect on the partitioning of 13 C/ 12 C between Fe-carbide and diamond.
Concluding Remarks
We conclude that the samples in this study formed by interaction between mantle diamond and native iron, but we cannot ascertain whether this occurred in the upper, transitional, or lower mantle. Similarly, we cannot ascertain whether the carbon and/or iron came from the ambient mantle or from a subducted source. The diamond and iron reacted to precipitate diamond and iron-carbide that resulted in partitioning of 13 C between the two phases. This study demonstrates that isotopic fractionation of 13 C/ 12 C of up to >7& can occur in the mantle at minimum temperatures and pressures consistent with the top of the diamond stability field. We interpret formation conditions to have been reducing, with fO 2 at or below the iron-iron wustite redox buffer in a cratonic or deep mantle environment in Earth. The cogenesis of carbide and diamond may produce abiogenic reservoirs of 13 C-depleted carbon that overlap isotopically ''light'' carbon conventionally attributed to subducted organic carbon. Finally, the large D
13
C for diamond-iron carbide observed here implies that determination of the D
C for silicate-metallic melts might be used to constrain future estimates of the distribution of carbon between the Earth's metallic core and silicate mantle.
